We have observed a narrow state near 2:32 GeV=c 2 in the inclusive D s 0 invariant mass distribution from e e ÿ annihilation data at energies near 10.6 GeV. The observed width is consistent with the experimental resolution. The small intrinsic width and the quantum numbers of the final state indicate that the decay violates isospin conservation. The state has natural spin-parity and the low mass suggests a J P 0 assignment. The data sample corresponds to an integrated luminosity of 91 fb ÿ1 recorded by the BABAR detector at the SLAC PEP-II asymmetric-energy e e ÿ storage ring. DOI: 10.1103/PhysRevLett.90.242001 PACS numbers: 14.40.Lb, 12.40.Yx, 13.25.Ft We have found a narrow state decaying to D s 0 at a mass near 2:32 GeV=c 2 . This result is obtained from a 91 fb ÿ1 data sample recorded both on and off the 4S resonance by the BABAR detector at the SLAC PEP-II asymmetric-energy e e ÿ storage ring. is consistent with the data, but is not established [3] .
P H Y S I C A L R E V I E W L E T T E R S
The spectroscopy of cs states is simple in the limit of large charm-quark mass [4, 5] . In that limit, the total angular momentumj j l l s s of the light quark, obtained by summing its orbital and spin angular momenta, is conserved. The P-wave states, all of which have positive parity, then have j 3=2 or j 1=2. Combined with the spin of the heavy quark, the former gives total angular momentum J 2 and J 1, while the latter gives J 1 and J 0. The J P 2 and J P 1 members of the j 3=2 doublet are expected to have small width [6] , and are identified with the D sJ 2573 and D s1 2536 , respectively, although the latter may include a small admixture of the j 1=2, J P 1 state. Theoretical models typically predict masses between 2.4 and 2:6 GeV=c 2 for the remaining two states [6 -8] , both of which should decay by kaon emission. They would be expected to have large widths [6, 8] and hence should be difficult to detect.
The experimental and theoretical status of the P-wave cs states thus can be summarized by stating that experiment has provided good candidates for the two states that theory predicts should be readily observable, but has no candidates for the two states that should be difficult to observe because of their large predicted widths.
The BABAR detector is a general purpose, solenoidal, magnetic spectrometer, which is described in detail elsewhere [9] . The detector components employed in this analysis are discussed briefly here. Charged particles are detected and their momenta measured by a combination of a cylindrical drift chamber (DCH) and a silicon vertex tracker (SVT), both operating within a 1.5-T solenoidal magnetic field. A ring-imaging Cherenkov detector (DIRC) is used for charged-particle identification. Electrons are identified and photons measured with a CsI electromagnetic calorimeter.
The objective of this analysis is to investigate the inclusively produced D s 0 mass spectrum by combining charged particles corresponding to the decay D s ! K K ÿ [10] with 0 candidates reconstructed from a pair of photons. Events of interest are required to have a ratio of the second to the zeroth Fox-Wolfram moment [11] less than 0.9. In addition, they must contain at least three reconstructed tracks yielding a net charge of 1 and at least two photons each of which must have energy greater than 100 MeV. Charged-kaon candidates are selected based on the Cherenkov-photon information from the DIRC together with the measured energy loss in the SVT and DCH.
A K K ÿ candidate pair is combined with a third track that fails the kaon criteria (and so is treated as a pion) in a geometrical fit to a common vertex. An acceptable K K ÿ candidate must have a fit probability greater than 0.1% and a trajectory consistent with originating from the e e ÿ luminous region. Background from D 0 ! K K ÿ , which is evident from the corresponding K K ÿ mass distribution, is removed by requiring that the K K ÿ mass be less than 1:84 GeV=c 2 . A candidate 0 is formed by constraining a photon pair to emanate from the intersection of the K K ÿ candidate trajectory and the beam envelope, performing a one-constraint fit to the 0 mass, and requiring a fit probability greater than 1%. A given event may yield several acceptable 0 candidates. We retain only those candidates for which neither photon belongs to another acceptable 0 candidate. Finally, to reduce combinatorial background from the continuum and eliminate background from B-meson decay, each K K ÿ 0 candidate must have a momentum p in the e e ÿ center-of-mass frame greater than 2:5 GeV=c.
The upper histogram in Fig. 1(a) is the helicity angle. The signal-to-background ratio is further improved by requiring j cos h j > 0:5. The lower histogram of Fig. 1(a) candidates to yield the mass distribution of Fig. 1(c) . A clear, narrow signal at a mass near 2:32 GeV=c 2 is seen. The shaded histogram represents the events in the D s ! K K ÿ mass sidebands combined with the 0 candidates. In Fig. 1(d) the mass distributions result from the combination of the D s candidates with the photon pairs from the 0 signal and sideband regions of Fig. 1(b) (the sideband distribution is again shaded). In this case, all photon pairs in the signal region of Fig. 1(b) are used. In Figs. 1(c) and 1(d) the 2:32 GeV=c 2 signal is absent from the sideband distributions, indicating quite clearly that the peak is associated with the D s 0 system. No other signal in the region up to 2:7 GeV=c 2 is evident in these plots, except for a small D s 2112 ! D s 0 signal in Fig. 1(c) .
In order to improve mass resolution, the nominal D s mass [1] has been used to calculate the D s energy for the distributions of Fig. 1(d) , for the D s signal distribution of Fig. 1(c Fig. 2(a) . Similar distributions produced for p values ranging from 2.5 to 4:5 GeV=c show the same prominent peak at the same mass value. The fit function drawn on Fig. 2(a) comprises a Gaussian function describing the 2:32 GeV=c 2 signal and a thirdorder polynomial background distribution function. The fit yields 1267 53 candidates in the signal Gaussian with mass 2316:8 0:4 MeV=c 2 and standard deviation 8:6 0:4 MeV=c 2 (statistical errors only). The systematic uncertainty in the mass is conservatively estimated to be less than 3 MeV=c 2 . The broad peak in Fig. 2 signal is observed as shown in Fig. 2(b) signal could be due to reflection from other charmed states. This simulation includes e e ÿ ! c c c events and all known charm states and decays. The generated events were processed by a detailed detector simulation and subjected to the same reconstruction and event-selection procedure as that 
